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SSME FMEAJCIL

REDUNDANCY SCREEN
Compeonent Group: Fuel Terbopumps Freparsd: D. Early
CIL tem: BM0-08 Approved: T. Hauryen
Component: High Pressure Fuel Turbop ump Approval Date: 4121700
Fart Numhber: RSM07&01 Change #; 1
Fallure Mode: Faiis to transmit torgue. O rective #: CCBD MEI-1-5206
Papga: 1af i
Criticalty
Phate Failure f Effect Deseriptinn Hagard Refaranca
SKAC Turkine unkiads and overspeads with probeble blade failura andior disk bursl  Extass vs Lorkine demaga from impas! 2ad gver- 1
41 temperatura may resulk in loss of hol-gas canfainmenl  Loss of vehucle. ME-D1S M,
ME-D1AC

Redurdarcy Soreens; SINGLE POINT FAILUIRE: Nif,
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SSME FMEA/CIL

DESIGN
Compament Geoup: Fual Turbapumps Freparad: O. Early
CIL tam: B200-08 Approvad: T. Hyuyan
Companant: High Prezeurs Foel Tushopump Aparoval Date: 431499
Par] Wumber; RS0MO7EM Change g 1
Failura Mada: Failz to transmit torque, Directive & CCAD MEI-01-5208

Page: 1ai 2

Cesgn ! Dacumant Reference

FAILURE CAUSE:  A: Splltwe fallura (aniy 1 of &

S HWOLUTE SPLINES, INMOLVING 7 PARTS (1302)03004)05005), TRANSM|T THE TORQUWE AND CLAMPIWG FORCES EETWEEN THE ROTOR COMPOMENTS. THE 3 IMFELLERS ARE
MANUFACTURED UTILIZIMG TITAMILIN 5A1-2 850 (F1 1) FORGINGS. THIS ALLDY WAS SELECTED FCRITS STRENGTH. TOUGHNESS, AMD FATIGLE FROPERTIES IN HYDROGEN AT
CRYQGENIC TEMPERATLRIES (7). THEMATERIAL 15 ANREALED TO IMPRIVE MECHANICAL FROPERTIES THE DISKS ARE MANLFASTIIRED LUTILIZING TP WASPALOY FORGIMNGS
AND CRITICAL AREAS ARE GOLD FLATED FOR HYDROGEN ENYIROMIMENT EMBAITTLEMENT FROTECTIOHN (7). THIS ALLGY waAS SELECTED FOR ITS STRENGTH AT BOTH
CRYOGENIC AND ELEVATED TEMPERATURES AND TS STRENGTH TC WEIGH T FATID, THE MATERIAL IS THERIMO-TJECHANICALLY PROCESSED WHICH COMEISTE OF HOT-COLD
VIORK FOLLOWED BY A SCLUTICH TREATMENT AND AGING TD IMPROVE ELEVATED TEMPERATURE MATERIAL PROPERTIES, THE SLEEVES ARE MAMUFEAGTURED UTILIZING
INCOREL 714 BAR. | HIS MATERIAL WaS SELECTED FOR ITS STRENGTH, RESISTANCE 7O CORROSIOM ANO STRESS CORRODSION CRACIING, AND CRYOGENKE DUCTILITY 3
FROTECTION AGAINST HYDROGCH ENVIRONMENT EMBRITTLEMEMT 13 NOT REQUIRED IN THE SLEEVES CRYOGENIC OPERATING ENYIRONMENT. THE MATERIAL IS SOLUTION
TREATED AND AGE-HARDENED. THE IMPFLI ERS AND DISKS GRAIN DIRECTION 13 SPECIFIED BY ORAVING RECWREMENTS TO ACHIEYE RAXIMLIM MATERLAL PROPERTIES IN THE
CIRECTHOH OF THE HIGHEST LOADS. EACH DISK AND IMPELLER |3 INDIWIDUALLY SPUN &5 FART OF THE MANUFACTURING PROCESS TD VERIFY THE FARTS STRLUCTURAL
INTEGRITY. DRY FILM LUBRMANT IS APPLIED T ALL SPLINES AT ASSEMBELY TC PREVENT FRETTING AND TQ REDUCE FRICTON FOR DISASSEMELY. THE IMSIDE CIANETER
SPLIMES OF THE SLEEVES MATE WATH THE OUTSIDE DIAMETER SFLIMES TO PILOT THE IMPELLERS AND DISK. THE SLEFVYES BETWEEN IMPELLEERS ALSDMATE WITH THE PUMP
INTERSTAGE SEALS {B). A CHROME PLATED SURFACE ON THE 5LEEWE BETWEEN THE THIRD- 5TASE IMPELLER AMD SECOND-STAGE DISK FROVIDES THE SEALING SURFACE FOR
THELIFT-OFF SEAL (9). THE SLEEVES ARE GONHGURED TG PERMIT RECIRCULATION FLOW THROUGH THE RAPELLER HIUBS. THE SLEEVES PARENT tMATERIAL YAS 0 FARED FOR
FRACTURE MECHANICE/NDE FLAW! SROWTH SIMCE THEY ARE HOT FRACTURE CRITICAL PARTZ, EXCEPT FQR THE FIRST, SECOMND, AND THIRD-STAGE INMFELLERS AND THE
SECOMND-STAGE DISKWHICH WERE CLEARED BY CRITICAL dMITIAL FLAW SIZE CETECTABILITY (18), THE FACTOR OF SAFETY ON BURST FOR THE IMPELLERS HAS BEEM VERIFIED
Oy DCSIGH VERIF ICATION TESTS (1) THE TURBINE DIS¥5 HAVE BEEM DESIGH VERIFICATION TEATED FOR PRIMARY STRESE, LOW CYCLE FATISUE LIFE, AND VIERATION
CHARACTERISTICS (17

(10 RO219235; (7] REOO7PESS, (1) REO007SSE, (4} RSOOFEEI. [5) RS0075E4. {8) RS007S10; ¢ RES-A5E0-10; §83 RIOUTEIN; (9 ROOI9230; (10} HASA TASKE 197 {11] RSS-404-25: (12
RI5-404-34 R55-404-5
FAILURE CAUSE. B: Curvic coupling failura.

C: Turblna disk {allure.

THE FIRST-STAGE (1) AND SECOND-ETAGE (2] DISKE ARE MANUFACTURED UTILIZING WASPALDY FORGINGS (3. THIS ALLOY WiAS SELECTED FOR ITS STRENGTH AND ouCTIUTY
AT BOTH CRYOGENIC AND ELEVATFD TEMPERATURES AND IT5 STRENGTH TC WEIGHT RATIC. THE MATERIAL 15 THERMO-MECHA MKSALL Y PROCESSED WHICH COMSISTS OF HOT-
COLD VUORK FOLLOWWED BY A SOLUTION TREATMENT, STABILIZING, AND AGING TC IMPROVE HIGH FEMPERATURE MATERIAL PROFERTIES THE GRAIN DIRECTICN I 3RECIFIED
BY DRAVWING RECHIREMENTS TO ACHIEVE MAKIMUM MATERIAL FROPERTIES IN THE BIRECTION OF THE HIGHEST LOADS. EACH DISK CONTAING 40 TEETH, &ND WHEHK MATEC TD
EACH OTHER FOfiM THE CURVIC COUPLING. THE DISKS ARE BOLTED TOGETHER Wi TH 10 BOLTS (4], AND MUTS [5) WHICH ARE LOCKED IN PLACE BY § LOGHE I5) {EACH LOCK
RETAIMG TWO NUTE). BALAMCE WENSHTE ARE SECURED BEMECATH THIE NUTS AT ASSEMELY TO FIMAL BALANCE THE ROTOR (7). THE BOLTE OO NCT TRAKNSMIT TOROUE BETVWEEN
THE DISES. TORAUE TRANSMISSION OCCURS ONLY AT THE CURVIC COUPLING. CRITICAL PARTS OF THE DISKS ARE GOLDFLATED TO FROTECT, THER EROM HYDROGEN
CHVIROHMENT EMBRITTLEMENT. THE DISKS ARE COCLED DURING QPERATION BY HYDRCMSEM FLOVY TGO MAIN LAIN MECHANICAL FROPERTIES. EACH DISK S INDIVIDLA LLY SN
FFR NRAWVING RECANFREMENTS AS PART OF THE MANUFACTURING PROCESS TOVERIFY ITS STRUCTURAL INTEGRITY. A CONTROL CURVIC GO MG TODL 15 UTILIZED TO
VERIFY THE TOOTH BEARING FATTERN MEETS GRAWING REQUIREMENTS AFTER MACHINING, MATERIAL JE REMIVEDR FROM THE BALANCE RIBS 0 FINAL BALANCE THE DISK [B).
THE TUREINE DIEKS HAVE BEEM DESIGM VERITICATION TESTED FOR FRIMARY STRESS, LOW CYCLE FATIGUE LIFE, AND VIBRATION CHARACTERISTICS {9). THEFIRST AND
SECOND-STAGE DISKS PAHENT MATERIAL WAS CLEARED FOR FRACTURE MECHANICS/NDE FLAMW GROWTH BY CRITICAL IMITIAL FLAY SIPE DETECTARILITY {1d.

{1 RENOTS17, () REDOFEID: {3) RES-BESN-10, (d) RSOOTSED; (5) REMOTES (A} RSOO7581. (7] RODISALE (8] RLOOO2S (4) RS540 RE3-404-9; (10) NASA TASK 11T
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Larngooenl Grup: Fnel TurbopLtnps Praparad: D, Early

CIL [fem: B200-08 Approved: T. Nguyen

Component: High Pressure Fuel Turbopump Approval Data: 4;24m3

Part Number: R30OT5H Changa £: 1

Fallure Mode: Falls to iransmit torg e Direciive &: CCEBD ME1.01-524
Pogm: 2of 2

Gesign ¢ Documanl Referance

FAILURE CAUSE; D: Turbine bott fajine,

THE TURAINE BOLTS (7] ARE MANLUFACTURED UTILI2 MG 4-286 CRES BAR () THIS ALLOY WAS SELECTED FOR TS RESISTANGE TO HIGH-PRESSURE HYCROGEN DEGRADATION,
MECHANICAL FROPERTIES AT CRYCGENIG TEMPERATURE, AND RESIS TANGE TO CORRCISION AND STRESS CORROSION CRACKING THE MATERIAL 1S SOLUTION-TREATED, GOLD-
VICIRKED). AGED, 8ND COLD-WORKED TO IMPROVE MECHANICAL PROPERTIES. TEM BOLTS ARE UWSED TG SECURE THE TWD DISKS TOGETHER AMD ARE RETAIMED BY 10 A-2488
CRES WUTS [3n AND 5 HLT LOGKS (d) (EACH LOCH RETAING 2 NUTS]. THE NUT ALLOY 1S SOULUTION-TREATED AND AGED TO MPROVE MECHANCAL FROPERTIES. THEMNUTS &RE
LUBRICATED TO REDUCE FRICTIONAL FORCES WITH TIE BDLT THREADS. THE STUDS ARE STRETCHED AT ASSEMELY FER DRIMNG REQUIREMENTS TO ATTAIN THE REQUIRED
CLAMPING LOAD. THE BOLTS OO NOT TRANSMIT TOROLUE BETWEEN THE DISKS. TOROUE TRANSMISSION QUCURS OMLY AT THE DISK CURYIC, THE [H3KS, NUTS, AND BCLTS ARE
COSLED BY HYDROGEN FLOW OURING OPERATION TC MAIMTAIN MATERIAL PROPERTIES. THE BOLTS AMD MUTS ARE NOT TINE-HISTORY TRAGKED AND HAVE INFINTTE
ALLOWABLE LIFE {5) THE TUREINE BOLT PARENT MATERIAL WAS CLEARED FOR FRACTURE MECHANIC SMOE FLAVY GROWTH SINGE IT |5 NOT A FRACTURE CRITICAL FART (B3,

("1 BEIEED: 2) RSSA5E0-10 {3) RS0D75SIZ: (4] RSOOTSE!: (3) RLOO532, CPA20RMIOZE; (B} MASA TASK 117
FAILURE CALSE: E: Stud failure.

THE STUD (1} 15 MANUFACTURED UTILIZING INCONEL 715 BAR 12). AR INCONEL 716 ANTI-VORTEX BAEFLE (3} 15 THREADED TD THE TUREINE END AND LOCKED WITH AN IMCOMEL
1B FIM (1), INCDONEL 7*BWAS SELECTED FOR TS STRENGTH AND DUGTILITY AT CRYDGENIC TEMPERA TURES [T |3 RESISTANT T COHRDSION AND STREES CORROSION
CRACKING, AND W CRYOGENIC ENYIRONMENT, IT DOES MOT REQUIRE PROTECTION T AYOID HYDROGEN ENVIRCMIMENT EMBRITTLEMENT (2], THE MATERIAL IS SOLUTION-
TREATFL) AND AGE-HARDEMED, THE AMTI-VORTEX BAFFLE ASSURES ORDEALY FLOW OF THE COCLANT TO THE TURBINE. THREE SETS OF RAISED LAKDS SPACED ALONS THE
LEHGTH GF THE STUR (TIE BOLT) FROVIDE CLOSE RADIAL CLEARAMCE WITH THE FIRST AND SECOND STAGE IMPELLER BORES (4) T( LIMIT DEFLECTION OF THE STUD. FIRST AND
SECOND STAGE MMPELLER BORE WEAR |§ SCNTROLLED BY UTILIZING REPLACEABLE [NSERTS {31, FIRST AND SECOND STAGE MPELLER IMSERTE ARE MANUFACTURED FRO#
COBALT BASE L605 (STELITE 25] DRGING (5} THIS ALLCHY WaAS SEtECTED FOR ITS TOUGHMESS, RESISTANCE TO BALLING WITH THE INCONEL T18 STUDR, RESISTAMCETD
HYDROCGEN EMBRITTLEMEMT AMD RESISTANCE TD THERMAL SHOCK (7). THE MATERIAL IS GULD WORKED TO OEVELOP THE REQUIRED HARDNESS {E). IMPELLFR BAGHE INSERTS
ARE PERIDLMCAELY INSFECTED FOR WEAR (B). IMPELLER BORE INSERTS WITH WEAR 1IN EXCESS NF SPECIFICATION LIMITS ARE REFLACED (10). EACH LAND IS INTERRUPTED
ARQUND ITS CIRCUMPCRENCE IN THREE FLACES 7O PERMIT FLOW OF HYDROGEN AXIALLY ALONG THE S . THE 5TUD (S THREADED INT THE SECGNO-STAGE DISK (1 1+ &ND
CAFTURES A STATIC SEAL (12) TO PREVENT HYDROGEN LEAKAGE AFTER ASSEMELY WiTH THIE IMPELLERS AND SLEEVYES, THE 5TUD 15 STRETCHED TO BOTTOM THE ROTOR
STACK. A SHAFT WUT I3 INSTALLED AMD LOCKED [N PLASE 0N THE END OF THE 5 HAFT DNeE THE RECQUIRED STUD STRETCH IS ACHIEVED. THE S5TUD DOES KOT TRANSMIT
TARGQUE DURING OPFRATION. TOROUE TRANSMISSICN DCCURS OMLY AT THE RAPELLER SLEEVES. THE 5TUD PSRENT MATERIAL YWAS CLEAREQ FOR FRACTURE
MECHIANICS/NDE FLAW GROMWTH SINCE IT 1S NDT A FRAGTURE CRITICAL PART {133

[1) 3007814 [2) RSS-B560-10; [3) RAD1S256 (4} ADO19225. RSO7SSS (5] RINMODE.023, RSODISSS-DR5. (6) AMS S750: (7) MPR-81-1426; 18] RUQ19226, RSOO7555; (9] RLOCISO040.
RLODS2S, RLOG4-102; (101 ALOCS2S. RLDOO4-20Z; {11) RSAOTE10; (12) REST1SC; (13) MASA TASK 117 -

FAILLURE CAUSE: ALL CAUSES

THE HIZH AHD LOW CYCLE FATIGUE LIFE FOR THE SLEEVES, 5TUD IMFELLERS, DIGKS, AMD THE TURBINE EOLTS MEET CEI REQUIRE MENTS (1) SECOND-3TAGE DISCS NOT
MEETING CEINIFF REQUIREMENT S ARE ADDRESSED BY MAJOR WANER (5). THE MINIMUM FACTORS OF SAFETY FOR THESE PARTS KEET CEI RECUIREKMENTS {3). THE ROTATIMNG
ASSEMBLY HAZ BEEN DESIGH VERIFMATION TESTED FUR SPRING RATE (LOAD DEFLECTION) AND MATURAL FREQLENGY MARRATION] DETERMINATION (3} REUSE OF PARTS
DURING CVERHALUL 1S CONTROLLED BY THE REQUIREMENTS OF THE GYERHALL SPECHFICATION (4}, -

{11 RLOOS32 CP320RADOOIE; (2) RES-AR4G-15, GP320RIG0IA: I3 RE55-404-17 [4) RLOCEZA: (5} QAR 223 i
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Comporant Group:
CIL bem:
Gomponent;:

Par Number:
Faliure Moda:

Fuel Turbopumps

B200.08

High Pressure Foel Turbopump
RE007 56

Failz io transmit 1argua.

SSME FMEA/CIL

INSPECTION AND TEST

Praparedq:
Approved:

Appraval Data:

Changa &:
Diractiva A1

Fege:

D Eary

T. Mguyan

4171/9

i

CCBED ME3-41-52048

1ol 4

Failare Cauvses

Siynilicant Charactenstics

Inspectiznis] / Test(s)

Dacumet! Referenca

FIRST-5TAGE IMPELLER
SECOND-STAGE IMFELLER
THIRC-ZTAGE INPELLER

MATERIAL INTEGRITY

SURFACE FIMISH
ASSEMELY INTEGRITY

WERHALL

FIRST AMD SECOND STAGE
SLEEVES
THIRQ-STAGE SLEFVE

MATERIAL MTEGRITY
HEAT TREAT
SURFACE FINISH

ASSEMBLY INTEGRITY

SECOMBD-5TAGE DISK
MATER1AL INTEGRITY

MATERIAL INTEGRITY 15 VERIFIED PER SPECIFICATION REQUIREMENTS.
THE FORGING 12 PEMETRANT AND ULTRASDNIC WSPECTED PER SPECIFICATION REGQUIRERMENTS.

THE FORGINGS GRAIN DIRECTICOM IS VERIFIED PER DRAMING AEQUIREMENTS.

THE IKPELLER ZPIN TEST VERIFIES MAXIMUM GROWTH PER DRAWING AND SPECIFICATHIN

REQUIREMENTS.

THE IMPELLER I3 PENETRANT INSPECTED AFTER SPIN TEST FER SPECIFICATHIN REDUIREMENTS
ORY FILMW LUBRICATION |5 VERIFIED PER SPECIFICATION RECUIREMENTS.

SPLINE MEASLIREMENTS AFE VERIFIED FER DRAWING AHD SFECIFIGATION REQUIREMENTS.

THE IMIMELLER S ARE INSPECTED AT OVERHALIL PER SPECIFICATION REQUIREMENTS

MATERIAL INYEGRITY |5 VERIFIED PER SFECIFICATION REQUIREMENTS.
HEAT TREAT I5 WVERSF IED PER SFECIFICATION REQUIREMENTS.
SLEEWE HARD CHROME PLATING 15 YERIFIED FER DRAWING AND SPECIFICATION BEGHIREMEMTS.

ORY FILM LLERICATION IS YERIFIED PER SPECIFICATION REQUIREMENTS,

[}
SPLINE MEASUREMENTS ARE VERIFIED FER DRAWINMG AND SPECIFICATION REQUIREMENTE.

THE SLEEVES AND IMPELLERS ARE MATCH-MACHINED PER ORAWING RECUIREMENTS.

KATERIAL INTEGRITY LS VERIFIED PER SPECIFICATION REGLUIREMENT 5
SAAIN DIREC TIDN IS VERIFIED PER DRAWING REQUIREMENTS,
TEMGILE SFECIMEM TCET IS PERFORMED PER ORAWING REG UM EMENTS,

FRC19234
REMITELS
REMTEEE

REN73-157

RAD15-116
RAM1S-012

RE00TEIG

RM1222E
R5007555
REO07558
RLOOUTS

RADT15-116
RAD12-002

RO 9228
RE0I7555
REIIFEEG
RAC115-143

RFO0D4-302

RS007563
REO07554

RBI170-153
RA0ET1-020

REOOT5EL
RA1G09-002

RADIT12-002

fGOarSe3
REDOMEA4
RADI15-143

RE00OTEI
REDOTEI0
RBO170-142
RS00TS 5
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Component Graup: Fusl Turbopumps Frepared: D. Earky
CIL lem: BI00-08 Approed: T. Hguyen
Corsponent: High Pressurne Fuel Turbopump Approwal Date: 4121199
Fart Mumbar; R5007501 Chanpe &: 1
Fallure Mods: Faits Lo transmit torqua. Diractiva a: CCBD MEJ-D1.5208
Page; 2cf 4
Failure Causes Sdqniflcant Characeristica Inapecdionle) § Tazl{s} Decumeni Reference
A SATERIAL INTEGRITY SPINTEST IS FERFORNED PER DRAWING REQUIREMENTS. R30O7S10
THE DHSK |5 PEMEIRANT INSPECTED PER SPECIFICATION REQUIREMENTS BEFGRE AMD AFTER RAD115-116
SPM TEST,
HEST TREST HE&T TREAT |5 YERIFIED FER SPECIFICATION REQUIREMENTS. FBOH 70-182
SURFACE FINISH DAY FILW LUBREZATION |5 VERIFIED PER SPECIFICATION REGUIREMENTS., RAD112-002
ASSEMBLY INTECRITY SFPLINE DIMENSIONS AFRE VERIFIED PER DRAWING AND SPECIFICATION RECUIRFMENTS RE007T514
RALT15-142
B C  DISK ROTOR FIRST-STAGE REOOTE17
NISK ROTOR SECOND- RSDOTS0
STa8CE
MATERIAL IMTEGRITY MATERIAL INTEGRITY |5 VERIFIED FER SPECIFECATION REQUIREMENTS. RBOT0-18%
THE GRAIM DIRECTION IS VERIFIED PER PRAWING RECQUIREMENTS REO0TH16
TEMEILE SRECIMEM TEET 1% PERFORMED PER DRAWING RCQUIREMENTS.
THF SFIM TEST IS PERFORMED PER DRAAI NG FEQUIREMENTS R3007517
REOOFS10
THE DISK |5 PENETRANT INSPECTED PER SPECIFICATION RECUREMENTS BEFORE AND AFTER RACT15-11€
SPIMTEST.
HEAT TREAT HEAT TREAT |5 VERIFIED PER SFECIFICATION REQUIREMENTS RBO1T(-182
SURFACE FINISH THE GOLD PLATING |5 WERIFIED PER SPECIFICATION REQUIREMENTS AA11Do00%

ASSEMBLY INTEGRITY

L

TURBINE END COMPONENTS ARE BORESCCRE INSFECTED FOR EVIDENCE OF 1058 DF GOLD
PLATING PRIOR T EACH FLIGHT.

THE CURWIC COURLING TOOTH BEARING PATTERN IS VERIFIED PER DRAWIHG REGUIREMENT 5

OMRED Y41BUD.075

RE00791Y
RS007510
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Ll wem:
Camponenl:
Parl Mutnber:
Failure Mode:

Vv IR |

820d-03

Higt Pressure Fuel Tusbopump
R3007501

Failg 1o tranamlt tarque.

Preparad:
Approved:
Appraval Date:
Change ¥:
Directiva ¥-

Faga:

D. Early
T. Hguyan
a1/

1

CCED ME3-01-5206

Jof g

Falure Causes

Significarl Characluislics

Inspedion{a) f Testis)

Document Referarce

8 .c

ASSEMEL ¥ INTEGRITY

BOLT
LaCk
HUT

MATERIAL INTEGFRITY

HEAT TREAT
SURFACE FINISH
ASIEMELY INTEGRITY

STUD ASSEMBLY
WATERIAL INTEGRITY

HEAT TREAT

ACSEMBLY INTECRITY

COWERHALL

IMPELLER INSERT
IFARELLER IHSERT

MATERIAL INTEGRITY

FIR-TREE BROACHING 15 VERIFIED BEFORE AND AFTER GOLD PLATING PER DRAVHRG
RECUIREMENTS e

SECQND-STAGE SPLINE DINENSIONS ARE VERIFIED PER DRAWING AND SP
REQUIREMENTS. SPECIFICATION

MATERIAL INTEGRITY |5 YERIFIED PEH SPECIFICATION REQUIRENMENTS.

BOLT IS PEMETRANT IMSFECTED FER SFECIFICATION AEGQUIREMENTS.

NUT I3 PENETRANT INSPEGTED PER SPECIFICATION REDUIREMENTS.

ACLT HARDNESS |5 VERIFIED PER SPECIFICATION REGLIREMENTS.

APPLICATION OF MOLYKQTE TO BOLT IS VERIFED PER CRAWING REDUIREMFNTS
BOLT STRETCH FS_ VERIFIED PER DRAVANG REQINREMENTS,

THE LOCK DEFCEMATION 15 VERIFIED PER DFAVING REQUIREMENTS.

MATERMAL IMTEGRITY |E VERIFIED FER SPECIFICATION RECUIREMENT,
THE ETUD 15 PEMETRANT INSFEGCTEL PER SFECIFICATION REALIRFRENT.
HFAT TREAT |5 VERIFIED PER SPECIFICATHOM AND DRAWING AEQUREMENTS.

MARMONESS 15 YERIFIED PER DRAWING RECUIREMENTS.
TORGUE ANDC STRETCH ARE VERIFIED PER DRAVWING REQUIREMENTS. )
STUD LUEE |12 wERIFIED PER DRAWING REDUIREIAEMTS. I

THE IMPELLER HLIB AND BCRE ARE WISLALLY INSFECTED PER SFECIFICATION REQ[IIF\'.EF:IENTS
AT INTERWVALE DEFIMED BY MAJCR WANER., ' '

MATERIAL INTEGRITY 13 WERIFIED PER SPECIFICATION REQUIREMENTS.
MATERIAL HARNMESS IS VERIFIED PER DRAAINE REQUIREMENTS

IM3ERTS ARE PFENETRAMT INSPECTED PER DRAWIMG REQUIREMENTES.

REOOTET
RE0JFS10

RS 510
RAG115-143

RE00OTSA0
RE0DT5A1
R5LNT5832

RECA60-014
MI5-TEE
AMS-5TIT

RAQ115-116

REI160-014
REaCTEM
R 3007301

RS5I07514
REQETO-153
FAQT15-116

FAQET1.020
RE00TE14

RIOO7E14
REMTEM

RFOOO4-302
DAR 2061

ROO1 5226023
R3007555-025

AMS 575D

R0 15225
RSO0TRES

RAM 15116
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Lomponent Group;
ClL fem;
Cornponenl:

Far Number:
Failure Mode:

Fusl Turbopumps

B200-08

High Pressure Furel Turbopump
REODTSOT

Falla to transmlt targue.

Falure: Causes

Signlficar! Gharacterishzs

Preporad:
Approsved:
Approval Date:
Change &:
Directive &

Page:

D. Early

T. Hguyer

41iam

1

CCBO ME3-01-5208

4ol &4

Ingpactsnie] f Tastia)

Ogcumenl Fefarence

ALL CRUSES

Failra Hiztomy,

OWERHALIL
HPFTF
ASSEMBLY INTEGRITY

IMPELLER INSERTS ARE INSPECTEL FOR BORE WEAM PER SPECIFICATION RECUIRENENTS,

THE PUMP SUBASSEMBLIES ARE INSFECTED DURING OVERHAUL PER SPECIFICATION
RECQUIRERNEN 1S, INSPECTIONS INCLUDE: WISUAL, DIMENSIONAL, PENETRAMT AHG
REPLACEMENT OF USAGE ITEMS AS APPLICAELE, PER OVERHAUL CLASSIFICATION.

CPERATION/PERFORMANCE 15 YERIFIED BY ENGINE HOT FIRF TESTING ANDANDE & KB TESTS ON

INSPECTHINS.

TOROUE CHECKS ARE PERFORMED FRICR T EACH FLIGHT.

DATA FROM PREVIOUS FLIGHT DR HOT FIRE 1% REVIEWED FOR FROFER TURBEOPUMP
OPERATIONTFERFORMANCE. [LAST TEST)

Reference: WaS8 latler 382538308 and Rocketdyna (al'ar BARCHE 75

Operaticnal Whse:

Mot AppHcable.

Caomprehensive failore hislery data is maintaired in the Proboem Repoting detebase (PRARISFRACA)

RF0004-3202

RE107501

KLODS23
R0 15114

RLOCOS0-04
FLON05606
FaLLObS6-07
RLOO4EA

GEVRD VYaths0.020
MSFC PLN 1228



8L -8

Componant Group:

Itern Mamma:
llem Number:; =1
Part Humber: RIHTE01

Fuel Turbopnm ps
High Fressure Fuel Tyrbopamp

SSME FMEAICIL
FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Pragerad:
Approved:
Appravval Dam:
Change g:
DOlrective &;
Page;

D. Early

T. Kguyan

202

2

CCBO ME3-11-52G8

1of 2

Basze Line Ralionale

VYenanca

Crange Rationale

Varignl Dash Murmber

1. HIOD-15 REOOFA0E CAUSE A
B220-24; REI07005; CALISE A

THF IMMFER AND OUTER BE&LRIMG
RACES ARE EDOY CURRFMT
INSPECTED PER BLIO M2,

2 B2I0-13 RSOGTSZ7, ASMTSIZ,
CAJSE AL B. B2OG-JE;

RE0CTE32 CALUSE B. OIFFUSER
HIDNDFN SURFACES ARE
FEMETRANT INSPECTED PER
RLO0343,

3 BrDOG14 CAUSE A, RSO0TAGE
B200-21 CAUSE B, R3007563
R200-26 CALSE A, RE007SER
WELD JOUNTS RS007TER: TABLE
E20Q HRFIP FMEA/CIL WELD
JOINTS RECU 68 HOLSING
CURRENT COMFIGURATION |5
FHE GMETI PICCE "-112° CAp,
USIMNG FOUR [y WELDS AND
FI¥JR [4) WFI I MUMABZARS

4 BAOD-0Z; CAUISE A, RSCD7524
CAUSE B, RS00753; CAUSE C,
R5 007 R74

BEARING RACES RECEIVED
FROM SLPFLIER SPLIT BALL
HEARING INCORPORATED
FRECEIVED MO GENFRAL EDOY
CURRENT INSPECTICN

SCME DIFFUSERS fMdAY NGT
RECENVE THE POST FROOF TEST
HIDDEN SURFACE ()3
PENETRAMT MSPECTION

SOME HOUSINGS [POSSIBLY
TWUl) fAY HAVE BEEN
FABRICATED "1 TH THE TWD |2
FIECE 113" CAPS (THIS HAS AN
EXTRA WELD: %13 AMD THREE
FXTRAWELD MUMBERS 13, 68 &
63

E£0ME TURBIMNE BEARING
SUPFORTS {R50D7524) ARE
FABRICATED LSRG A
VUELOMENT OF HAYFS 188
ZHEET METAL INSTEAD QF THE
EOM FORGIMNG.

GENERAL EDDY CURRENT INSPECTION OF RACES REPLACES TYPE W2 1M
FEMETRANT INSPECTIOM N DETECTING SURFACGE FLAWSE

USE AS I3 AATIOMALE:

1. RACES SUPPLIED BY SPLIT BALL BEARING INCORPORATED RECEIVED 10X
WISUAL AND TYPE IWC PENETHANT INSPECTION IMSTEAD OF GEMERAL EQDY
CURRENT INSFECTION. FLAW DETECTABLITY RELIABILITY LEVELS RETWEEM
PENETRANT ANMD GENERAL EDDY CURRENT INSPECTIONS &RE G050 AND
0.057 RESFECTIVELTY.

LEE AS 15 RATIOMNALE

1 IMPLEMEMTATION OF HIDDEM SURFACE INSPECTION REQUIREMENT 12
NOT A RESULT OF AN OBSERVED HARDWARE ANACMELY BUT A5 & RESULT
OF ROCKETEYRE'S STAMD DLAUN,

SEE DAR 2745 FOR
VARIANT PART
SERIAL HUMBERS.

5EE DAR 2751 FQR
VARIANT PART
BERIAL NUMBERS

TO REDUCE CONFUSION ON THE DRAMING AND ON THE MAMUFAD TURING SEE MCH 2524,

FLOOR

hIGH CYCGLE FATIGUE INDUGED [NLET SHEET METAL CRACKS 00 DCCUR
FROM THE CPERATIOMAL EMVIROMMENT EXFERIENCED DURING ENGINE
DPERATION. THE CRACKING IS CONTRDL | ED PER THE REQUIREMENTE .OF
THE SHEET METAL INSPECTION SPECIFICATION (RLIOGSE) YVWHICH LIMITS THE
CRACHING LEMGTH, SPACING, AND SHARE, TO PRECLUDE SHEET METAL
FIECES FROM DISLODOING. THE CRITERIA IS BASED 0N CRACK GROWTH
FATES AND ENGINE TEST EXPERIEMCE. ANY CRACHS, WHICH EXCEED THE |
SPECIFICATION LIMITS, ARE WELD REPAIRED IRFOH)T-007). THE TURBINE
BEARIMNG SUPPQRT WITH WELDED S1EET METAL IS LIFE LIMITED BY MAJORH
WIAIVER DT 2773,

SAME -113 DASH
NLEER.

RE0GTE24-201 AMD

SLBS.
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LS AP LTS Sarg Fuel Turh LY P Prepa red: . E.-qu:.r
Item Hameg: High Precsure Fuel Turnapomp Appraved: T. Nguyen
fem Yumber: EZ00 Apprayel Data: 4129699
Fart Mimher: RE007501 Chanpe a: s
Diraciive &: CLBD ME3-01-5206
Fage: 2of 2
Baso Lime Ratinnale Varianoe Change Ralionale Yariant Dash Bumber
5 B:lO-15 CAUSE A B200-17 SOME LIFT-OFF SEAL HOUSIMG LEWY CYGLE FATIGUE CRAGKING HAS EEEM OBSERVEN [N THE PLIA WELD, RO S2:0-07 AND
CALISE A BELN-1A CALIRF A, DA LINES SRE FAERICATED CRACK INITIWTION AND FPROPAGATHON DCCURS AT SHUTDOWNCOOLDOWN SUBS.
B2051% CAUSE A, B200-22; USING INTERSECTING LINE Al L UNITS RECEIVE A STANDARD POST FLIGHT INSPECTIONS BY LEAK
CAUNSEARCE BRILLED HOLES THE HGELE CHEZK. LEAK CHECK POST FLIGHT VILL DETECT A CRAGK PRIDR TO

THAI INTERZECTS THE CUTSIDE
DIAMETER OF THE HOUSING
FLAMGE HAS & PLLMG
IMSTALLED. THE PLUS 1S THEM
WELDED AT THE HDUSIHNG
OUTSIOE DIAMETER TO FORM A
TIGHT GAS SEAL

RFFLIGHT. POST LEAKAGE AT THE DRAIM LINE ¥ LIMITED TO 10 SCIM. ALL
FLIGHT LIHITS WWALL SONWTINUE TC RECEIVE A LEAK CHECK POST FLIGHT FOR
THE ORAIN LINE PLUG WELD UNITL THE ENTIRE FLEET 12 RETROFIT "WITH THE
EDR DRAIN LINE CONFIGURATION
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SSME FMEA/CIL
WELD JOINTS

Companent Group: Fuoel Turbopumpa Propared: D. Early
CIL Itam: B200 Appraved: T. Nguyean
Companenl: High Pressure Fog| Turbopump Appraval Date; 421,90
#aH Humber: RS00T 501 Change 3: 2
Directive & CCA0 MED-01-5206
Fage; 1of 3
Cr ticat Inilial

Raat  Flawe Size Mot
Side Mot Deleclable

Cemaponent Basie Part Nomber Weld Mumaer Wekd Type  Class Atcess HOF  LCF Lommenls

SlIELD RAGT2171 1.24, 28-82  GTAW I X

SHIELD RoO121n . GTAW n

LIFT-GFF SEAL RON15230 1,2 GTaw I X

SHIELD ROOTO7ER 25 0B GTAW H

SHIELD ROa147e8 27 50 GTAMY n ES

SHIELD RAD{TES E1, 52 GTaw 1

EHIFID ROGI97 88 55 55 GTAW 1l

BELLOWNS RELLF 505 1-4 GTANY 1 X

BELL Oz REAQT505 5,5 Efnnr | x

INLET R3007512 4 GTAW I X

INLET REMTEZ 36 GTawr !

INLET REMOTI12 012,13 GTAW |

IMLET REMITE12 i EBVY i

IMLET REOOFS12 14 15 STAa |

INLET REI0TE12 1B GTAaMY I x

BFARING SUFFORT RS a4 14 EBWY I

BEARIMG SUFPORT R5007524 18 EBv I X

BEARIMNG SUFPORT R30074524 29, 20 GTARY I X X

BEAR NG SUPPCRT R3007524 1B GTAWY I X

BEARMG 5PPORT REDOTEDL 115 121 oLy I

BEARING 5LIFPORT RSLOTE24 |28 GTAW I X

EFARING SLFPFORT REQOTE2 228-c11 GTAW ] x

HOUSIMG R SODTsGA 7823, GTAWN I X X x :
228 330 p
FOH

HIHISING RE007 565 4 GTAw I

HSUSING RE00Q7 568 48 EB I X X X

HOUSING K30075SER 43 GTaw I b

HGUSING R&E00753R 5" araw ] X X

HULEIMNG RECNY56E 52 GTAN [} K

RO JSIMG HSCo7RE4 1 EEY 1
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Lampanent Group: Fuel Turbopumps Fraparad; D. Early
CIL ain: B.ZEII:I Approved; T. Mouyen
Componen|; High Fressuna Fual Turbopump Approvat Data: 4021798
Part Number: REDITSM Change #: 2
Blrechve #: CCED ME-01-5205
Paga: 2of 1]
Criticar nitlal
Ragt  Flaw Size Mot
Bide Mar  Detectable

Carnpon end Basic Pl Mumbear Wekd Mumber Weld Type  Clasg dccess HCF  LGF Camments
HOUSIMG RE0G6 T46A 55 alc L ] }-{
ROUSING RE0NTEE 36 OTAW ] R
HOLIS NG RI007ESY OF, 324 325 GTAW It
HOLUIGING RIOO75E8 & ETALY M X x X
HOUSHHG RSO0Q75E8 50 EBWY I
HOUSING RS0LOFEaE 14,229, 297 GTAW 1 X X x
HNOUSING RSCOT6S 76,77 GTaWY I X
HOUSIHG RS040 7564 T.EO GTAW I X
HOUSIN G REA07553 20-101 GTawW 1l x
HCLUSING RENCTSER 10z GTAWS 1 X
HOLISING REM TEEA 123 GTAW n x
HOUSING REMTELS 140 GTAW " X
HOLIRING RS0O7ESR 133, 154 CTa N E
HOUIS G REHITS5E 174a-185 GTAW Il X
HEOLSING R2207554 181 192 GTAWY ] X x

195 106

£245, 455

45E
HOLSING RENI7TSES 153, 244, GTAW I ES

15/-402

24-J07
HOUISING RESBOPEEH 03, 17, GTAW 1 X X

214, 234,

235
ADUEING REDOTS5E 21z, i3 GTAMY I
HOUZING RZI0756A s 215 GTAMY n X
HOUSING RS0LT5ER 222, 139 GTAMY ! x .
HOUSIMNG RSCI7HGA 224, 225 GTAW | 4 X 1
FOUSING RE007 563 226, 227 CTaN I ]
HOUSING RE007 5656 231, 137 GTaln I X X
HOHPSING RE0DNTEER 231 GTAaN li bt
HOUZIMG REDOTIES 237 234 GTAN |
HOUZING RECOT558 AG-2408 GTAVY Ml
HOLSING AEI0TI5E Jeh-344 GTAV ] |
HOUSING REA0TSHE3 37e-3497 GTANY ] X
HOUS MG R S0CTSEE KL GTAW | x x X

i
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Comnporen] Gidup: Fugl Turbopumps Prepare d: D, Early
CIL tern: B200 Approved: T. Nouyen
Compenenl; High Fressure Fuel Turtepump Approval Data: 4r21/89
Pad Numbar RE007501 Changs & 2
Crructive 0; CCHO MEI11-530%
Page; aol 3
GCritlcal dnilial

Fopt  Flaw Size Mot
Sige Npt  Uelectable

Component Basic Part Mumber ¥ield Mumber Weld Type  Clazs Access HODF o LCF Comrwats
HOUSIMG F3007 568 407.434 GTAW 1l x

HCUSING RS007 REH 405449 GTRN I X

HOLSING RSDOTESE 4548 HOPT) GTAW Ir

HOLSING RECQOTEGE 450 (OPT)y  EBPw Il F

HOUSING RELOTSGE 454 GTAN fl B

HOUSING RSCOTEEE 37 IOPT) GTAWY fl

ROTOR BEAL ASA07534 1 EBwY I

SEA. AGAN7HI2 5 EBwY 1] X



